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(g) Deposit-resistant contact lenses. 



@ Hydrophilic copolymers, based on 2-hydroxyethyl methacrylate and comonomers containing a 
quaternary ammonium moiety, possess good oxygen permeability, strong physical properties and high 
antimicrobial activity making them superior starting materials for preparing contact lenses which are 
resistant to deposits. 
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(b) 20 to 1 % by weight, based on the total copolymer, of a monomer of formula I. II or III 
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where 

G is hydrogen or methyl, 
n is 2 to 20 

T is alkyiene of 2 to 4 carbon atoms, and 
R is hydrogen or methyl, 
Q is a direct bond or -0-, 

(c) 20 to 1 % by weight, based on the total copolymer, of a quaternary ammonium monomer of formula IV, 
V, VI or VII or a mixture thereof 

CH 2 C(R)-COO-L.N + (E 1 )(E 2 j(E 3 ) X" (IV) 
CH 2 =C(R)-COO-CH 2 CH 2 -NHCOO-LN + (E 1 )(E 2 )(E3) X~ (V) 
CH^CCRJCONHCHzCHz-N^EOCE^CEa) X" (VI) 

c^-^JT (vn) 



where 

R is hydrogen or methyl, 

L is alkyiene of 2 to 4 carbon atoms, 

E 1f E 2 and E 3 are independently alkyl of 1 to 18 carbon atoms, or one of E 1f E 2 and E 3 is phenylalkyl of 7 
to 9 carbon atoms, and the remaining two of E 1t E 2 and E 3 are independently alkyi of 1 to 18 carbon atoms, 
and 

X- is halide, 

(d) 5 to 0.1 % by weight, based on the total copolymer, of a crosslinking agent selected from the group 
consisting of allyl methacrytate, diallyl itaconate, monoallyl itaconate, diallyl maleate, diallyl fumarate, di- 
al ly! succinate, diallyl phthalate, trially cyanurate, tiallyl isocyanuate, diethyiene glycol bisallyl carbonate, 
triallyl phosphate, triallyl trimellitate, diallyl ether, N,N-diallylmelamine, divinyl benzene, N.N'-methylene- 
bis-acrylamide, ethylene glycol dimethacrylate, neopentyl glycol dimethacrylate, tetraethylene glycol di- 
methacrylate, N.N'-hexamethylene-bis-maleimide, divinyl urea, bisphenol A dimethacrylate, divinyl adi- 
pate, glyceryl trimethacrylate, trimethylolpropane triacrylate, trivinyl mellitate, 1 ,3-bis(4-methacryloxy bu- 
tyl) tetramethyl disiloxane, divinyl ether and divinyl sulfone. 

Radicals and groups designated "lower", such as lower alkyl, etc., denote radicals and groups having 
up to 7 carbon atoms, preferably up to 4 carbon atoms. Examples of lower alkyl are e.g. hexyl, pentyl or 
butyl and preferably methyl, ethyl or propyl. 

Radicals such as aikyl, alkyiene or the like are unbranched or branched radicals of that kind. Examples 
are e.g. n-propyl or 2-propyi; 1-butyl, 2-butyl ort-butyl; 1,2-propylene or 1 ,3-propylene; 1,2-butylene, 1,3- 
butylene or 1 ,4-butylene; etc.. 

When it is desired to prepare a copolymer having greater hardness and/or strength, such as would 
be desirable in a contact lens for increased handleability or durability, a fifth component 

(e) derived from a hydrophobic monomer should also be present. The hydrophobic monomer is selected 
from the group consisting of C t to C 18 alkyl acrylates and methacrylates, C 3 to C 1d acrylamides and me- 
thacrylamides, acrylonitrile, Cs-C 12 cycloalkyl acrylates and methacrylates, methacrylonitrile, vinyl C y to 
C 18 alkanoates, C2 to C 18 alkenes, C 2 to C 18 haloalkenes, styrene, C, to C 6 alkylstyrenes, vinyl alkyl ethers 
where the alkyl is 1 to 6 carbon atoms, C 3 -C 12 perfluoroalkyl ethyl thiocarbonylaminoethyl acrylates and 
methacrylates, C 3 -C 12 f luoroalkyl acrylates and methacrylates, acryloxy and methacryloxy alkyl siloxanes, 
N-vinylcarbazole, C r C 12 alkyl esters of maleic, fumaric, itaconic and mesaconic acid. 

Examples of such hydrophobic monomers include methyl acrylate, ethyl acrylate, propyl acrylate, isopro- 
pyl acrylate, cyclohexyl acrylate, 2-ethylhexyl acrylate, methyl methacryiate, propyl methacrylate, vinyl acet- 
ate, vinyl propionate, vinyl butyrate, vinyl valerate, styrene, vinyl chloride, vinylidine chloride, acrylonitrile, 1- 
butene, methacrylonitrile, vinyl toluene, vinyl ethyl ether, perfluorohexylethylthiocarbonylaminoethyl metha- 
crylate, isobornyi methacrylate, hexafluorobutyl methacrylate, 3-methacryloxypropylpentamethyldisiloxane 
and bis(methacryloxypropyl)tetramethyldisiloxane. 

Preferable the hydrophobic monomer (e) is methyl methacrylate, styrene or vinyl acetate. 

When T or L is alkyiene of 2 to 4 carbon atoms, it is, for example, ethylene, trimethylene (1 ,3-propylene), 
propylene (1,2-propylene) or tetramethylene. 

Preferably, the hydrophilic monomers of component (a) are 2-hydroxyethyl acrylate, 2-hydroxyethyl me- 
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thacrylate, acryiamide, methacrylamide, N,N-dimethylacryiamide, ally! alcohol, 2- or 4-vinyl pyridine, N-vinyl- 
2-pyrro!idone, 2,3-dihydroxypropyl methacrylate or N-{1,1-dimethyl-3-oxobutyl)-acrylamide. 

Most preferably, the hydrophilic monomer of component (a) is 2-hydroxyethyi methacrylate, N-vinyl-2-pyr- 
rolidone, acrylamide or N,N-dimethylacrylamide. 

Preferably, in the monomer of formula I of component (b) 
G is hydrogen or methyl, 
R is hydrogen or methyl, 
n is 4 to 12, and 
T is ethylene. 

Most preferably, in the monomer of formula I of component (b) 
G is hydrogen, 
R is methyl, 
n is 4 to 8, and 
T is ethylene. 

Preferably, in the monomer of formula IV, V, VI or VII of component (c) 
R is hydrogen or methyl, 

L is ethylene, trimethylene or propylene (1,3- or 1,2-propylene), 
E 1g E 2 and E 3 are independently alkyl of 1 to 18 carbon atoms, and 
X" is CI" or Br. 

Most preferably, in the monomer of formula IV, V, VI or VII of component (c) 
R is methyl, 
L is ethylene, 

Et is alkyl of 1 to 18 carbon atoms, 
E2and E3 are each methyl, and 
X" is a~. 

Preferably, the crosslinking monomer of component (d) is ethylene glycol di methacrylate, neopentyl glycol 
dimethacrylate, tetraethylene glycol di methacrylate, glyceryl tri methacrylate or trimethylolpropane triacry- 
late. 

Most preferably, the crosslinking monomer of component (d) is ethylene glycol dimethacrylate, neopentyl 
glycol dimethacrylate or tetraethylene glycol dimethacrylate. 

The monomers of components (a), (c) and (d) are largely items of commerce or can be easily made by 
conventional methods. 

The monomers of component (b) are easily prepared by reacting hydroxyalkyl substituted monomers such 
as 2-hydroxyethyl methacrylate with ethylene oxide, propylene oxide or butylene oxide or by the methods de- 
scribed in U.S. Patent No. 4,038,264. 

The copolymerization of the four monomers of components (a), (b), (c) and (d) may be carried out by using 
initiators which generate free radicals upon the application of activating energy (i.e. heat) as is conventionally 
used in the polymerization of ethylenically unsaturated monomers. Included among free-radical initiators are 
conventional thermally activated initiators such as organic peroxides, organic hydroperoxides and azo com- 
pounds. Representative examples of such initiators include benzoyl peroxide, tert-butyl perbenzoate, tert- 
butyl hydroperoxide, diisopropyl peroxydicarbonate, cumene hydroperoxide, 2,2 , -azobis(isobutyronitrile) and 
2,2'-azobis(2,4-dimethylvaleronitrile). Generally, from about 0.01 to 5 % by weight of the thermal initiator is 
used. 

Preferably, for making contact lenses, UV-initiated polymerization is carried out using photoinitiators. Such 
initiators are well known. The preferred photoinitiators are those which facilitate polymerization when the 
monomer composition is irradiated in the contact lens mold. Representative examples of such photoinitiators 
include acyloin and derivatives thereof such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin 
isopropyl ether, benzoin isobutyl ether and a-methyl benzoin; diketones such as benzil and diacetyl; ketones 
such as acetophenone, a,a,a-tribromoacetophenone, a,a-diethoxyacetophenone f 2-hydroxy-2-methylphe- 
nyl-1-propanone, o-nitro-a,a,a-tribromoacetophenone, benzophenone and p.p'-tetramethyldiaminobenzo- 
phenone; a-acyioxime esters such as benzil-(0-ethoxycarbonyl)-a-monoxime; ketone/amine combinations 
such as benzophenone/-N-methyldiethanolamine, benzophenone/tributylamine and benzophenone/Michler's 
ketone; and benzil ketais such benzil dimethyl ketal, benzil diethyl ketal and 2,5-dichlorobenzil dimethyl ketal. 
Normally, the photoiniitator is used in amounts ranging from about 0.01 to 5 % by weight of the total monomers; 
preferably about 0.1 to 1 % of photoinitiator is used. 

Polymerization may be carried out in bulk in a conventional manner or in the presence of a solvent Useful 
solvents include ketones, such as acetone, methyl ethyl ketone, methyl propyl ketone, methyl isobutyl ketone, 
methyl amyl ketone and cyclohexanone; alcohols such as methanol, ethanol, isopropanol or ethyl cellosolve; 
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ethers such as ethylene glycol or dlethylene glycol dimethyl ether; esters such as ethyl acetate or isopropyl 
acetate; dimethyl sulfoxide; N-methyl-2-pyrrolidone; N,N-dimethylformamide; N,N-dimethylacetamide; water 
and saline solution. 

The polymerization is carried out in molds, which may consist of plastics, glass or metal and can be of any 
5 shape. For making films and sheets, the molds are preferably made of glass plates lined with MYLARS (poly- 
ester film, DuPont) or other polymer films and held together by clamps, using a spacer of desired thickness. 
Contact lenses are preferably prepared in UV-permeable plastics molds. 

After polymerization is complete, the polymer can be postheated and removed from the mold and any sol- 
vent present is either removed by vacuum drying or extraction with water and with water-soluble solvents, or 
10 water-solvent mixtures. Useful solvents are acetone, ethanol, methanol or isopropanol. Azeotropic distillation 
is also a useful procedure to remove certain solvents. After the solvent is removed, the polymer is equilibrated 
in distilled water and Its water content is determined gravimetrically. All subsequent measurements are carried 
out on water-equilibrated polymers. 

Oxygen permeability is measured with a DK 1000 (ATD Design) instrument using buffered saline (pH = 
15 7) as electrolyte and is expressed in units seen below: 

0 2 DK (barrers) = cm^STP) mm 10-™ Q{ g gjvQn thjckness and temperature 
cm 2 sec mm Hg 

Physical-mechanical measurements are carried out with an INSTRON® testing apparatus, model MT-100 
on 0.05-0.1 mm thick sheets. 
20 Water content is expressed as follows: 

o/ 0 h q = weight of swollen polymer - weight of dry polymer x 1QQ 
0 2 weight of swollen polymer 

Examples 1-7 

25 

Contact Lenses 

Using a transparent contact lens mold after purging with nitrogen, contact lenses are made from the fol- 
lowing comonomers with the amounts given in the table below: 2-hydroxyethyl methacrylate (HEMA); co-hy- 
30 droxy[tetra(ethyleneoxy)]ethyl methacrylate (Sipomer HEM-5); 2-(methacryloyloxy)ethyl-trimethylammoni- 
um chloride (MADQUAT Q6); ethylene glycol di methacrylate (EGDMA) with 2-hydroxy-2-methyl-1 -phenyl pro- 
pan-1-one (DAROCUR® 1173, EM Industries) as photoinitiator using low intensity or high intensity actinic light. 
The amounts for each item in the table below are given in grams. 
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Example 


HEM 


Sipomer 
\HEM-5 


MADOUAT 


EGDMA 


DAROCUR® 
1173 


H ? Q 
15.0 


Cure 
Tune 
hour 


40 


1 


68.8 


15.0 


15.0 


1.0 


0.2 


4 




2 


78.8 


10.0 


10.0 


1.0 


0.2 


10.0 


* 


45 


3 


78.7 


10.0 


10.0 


1.1 


0.2 


10.0 




4 


79.2 


10.0 


10.0 


0.5 


0.4 


10.0 


1 




5 


79.1 


10.0 


10.0 


0.5 


0.4 


10.0 


2 


SO 


6 


79.3 


10.0 


10.0 


0.5 


0.2 


10.0 


2 




7 


79.3 


10.0 


10.0 


0.5 


0.2 


10.0 


4 



♦High intensity light is used with Examples 2 and 3 with the mold passing through the light at 
the rate of 14 inches/minute (35.56 cm/minute) for three feet 

55 



The physical properties of the contact lenses made in these examples are shown in the table below. 
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Example 


CT* 


Modulus* 


Stress* 


% Eton? 


Dk* 


Flux* % Water 


2 


0.064 


68 


18.2 


20 


14.9 


0.17 57 


a 
j 


nil 
U.l 1 




18.4 


14 


20.7 


0.14 55 


4 


0.069 


99 


24 


24 


25.1 


0.23 59 


5 


0:082 


107 


27 


25 


23 


0.22 - 


6 


0.089 


114 


28 


25 






7 


0.092 


99 


21 


22 







*CT is cento: thickness of the contact lens in mm. 
Modulus and Stress values aie in (dynes/cm 2 ) x 10 5 . 
25 Dk value is oxygen permeability x 10* 10 = 
cm 3 mm(STP)/cm 2 mm Hg Sec. 
Flux is pi of oxygeo/cm 2 Aninutes. 

30 

All of the contact lenses of Examples 1 -7 are clear. The lenses of Examples 1 ,4 and 5 have dry extractables 
of 2.4%, 2.6% and 2.5% respectively. 

The contact lenses of Examples 2-3 are clinically acceptable for use on the eye. 

35 Examples 8-12 
Contact Lenses 

Following the general procedure of Examples 1-7, contact lenses are made from the following comono- 
40 mers with the amounts given in the table below: 2-hydroxyethyl methacrylate (HEMA); o-hydroxy[tetra(ethy- 
leneoxy)]ethyi methacrylate (Sipomer HEM-5); 2-(methacryloyloxy)ethyl-trimethylammonium chloride (MAD- 
QUAT Q6); ethylene glycol dimethacrylate (EGDMA) with benzoin methyl ether (BME) as photoinitiator. The 
amounts given in the table for the components are in grams. 



45 


Example 


Sipomer HEMAHEM-5 


MADQUAT 


EGDMA 


BME 


% Water In lens 




8 


4.8 


5.0 


0.1 


0.1 


0.01 


51 




9 


7.3 


2.5 


0.1 


0.1 


0.01 


48 


50 


10 


8.8 


1.0 


0.1 


0.1 


0.01 


45 




11 


9.3 


0.5 


0.1 


0.1 


0.01 


47 




12 


8.4 


1.0 


0.1 


0.5 


0.01 


55 



The contact lenses of Examples 11 and 12 are clear, that of Example 10 is very slightly opaque; that of 
Example 9 is slightly opaque while that of Example 8 is opaque. This shows that greatly increasing the amount 
of HEM-5 adversely affects clarity of the lenses. 
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Example 13 

Protein Deposition on Contact Lenses 

5 To ascertain whether contact lenses made from the instant copolymers are essentially resistant to protein 

deposition compared to prior art soft contact lenses, six contact lenses prepared from the copolymer of Ex- 
ample 3 and six contact lenses made from a prior art copolymer having essentially the same water content, 
but not having the structural units derived from instant components (b) and (c) are subjected to five cycles of 
a simulated use in an in vitro comparative test. The amount of protein deposited on the lenses at the end of 

10 the fifth cycle is measured using the standard ninhydrin color method for measuring amino acid or protein. 
Each of the six instant contact lenses and six control lenses is cycled five times through the following proce- 
dure: 

a. The lens is soaked in a 1% lysozyme solution in borate buffered saline for at least 30 minutes at 35°C; 

b. The lens is then disinfected by placing in contact with a dilute hydrogen peroxide solution for at least 
15 six hours; 

c. The disinfected lens is removed from the disinfection solution and the cycle is started again; 

d. At the end of the fifth cycle, the lens is lightly blotted dry, placed in a vial containing 200 ml of dist iiled 
water, and the total amount of protein deposited on the lens after the five cycles of the test procedure is 
measured by the ninhydrin protein assay method. 

20 Two blank instant lenses and two blank prior art lenses as well as two blank instant lenses each spiked 
with 25 u£ of lysozyme and two blank prior art lenses each spiked with 250 ug of lysozyme are run as controls 
to assess the recovery of protein from the lenses and to indicate the reliability of this test procedure. 
The data of this test are included on the table below. 



\ig Protein 

Lens Deposited 



30 Instant Copolymer of 

Example 3 

Blank 1 2 

35 Blank 2 3 

Spiked* 3 21 

Spiked* 4 20 

Lens 1 13 

45 Lens 2 13 

Lens 3 3 

Lens 4 12 

Lens 5 29 

50 Lens 6 15 
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Prior Ait Lens 



5 Blank7 8 

Blank 8 11 

Spiked** 9 219 

Spiked** 10 231 

Lens 11 51g 

« Lens 12 575 

Lens 13 589 

Lens 14 584 

2Q Lens 15 417 

Lens 16 527 



*Spiked with 25 jig of lysozyme. 
25 **Spikedwith250jtgoflysozymc. 

An analysis of these data shows that the instant lenses have a median amount of 1 3 ug of protein deposited 
on them while the prior art lenses have a median amount of 551 ug of protein deposited on them. The prior 
30 art contact lenses have essentially 40 times as much protein deposited on them compared to the instant con- 
tact lenses. While there is some variation between individual lenses of each type, these data show a highly 
significant difference between the instant contact lenses and those of the prior art lenses. The instant contact 
lenses are essentially resistant to protein deposition compared to the prior art contact lenses. 

35 Example 14 

Protein Deposition on Contact Lenses 

Two contact lenses prepared from the copolymer of Example 3 and two prior art contact lenses made from 
40 a copolymer of 2-hydroxyethyi methacrylate (HEMA) and N-vinylpyrrolidone (NVP), which do not contain any 
of instant components (b) and (c), are worn for six hours by four patients in the clinic. Each of the test lenses 
has about the same water content 

At the end of the wear period, the amount of deposited lysozyme is measured using the sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) method described by D. Hager, Analytical Biochem- 
45 istry. 109, 76 (1980). 

Each of the lenses is sliced into six sections and then placed into a 1 .5 ml Eppendorf conical vial containing 
an extraction solution of 0.5 tris(hydroxymethyl)aminomethane, 2% by weight of sodium dodecyl sulfate, 10% 
by weight of glycerol and 5% by weight of dithiothreito (DTT) and having a pH of 9.52. The solution is heated 
at 95°C for one hour and t hen cooled to 35°C for 23 hours. 
so The lens slices are removed from the vial and 1 ml of cold acetone is added to the vial. The viaJ is stored 
at -20°C for twenty minutes and then centrifuged at 12,000 rpm fpr 10 minutes. The acetone supernatant is 
poured off and the precipitated protein is collected. 

The extracted, isolated protein is then dissolved in a sodium dodecyl sulfate buffer sample and analyzed 
by the SDS-PAGE method. 

55 The gel protein is characterized and identified using the improved Coomassie Brilliant Blue G-250 and R- 

250 analytical procedure described by V. Neuhoff, Electrophoresis 9 255 (1988). The results of the densitom- 
eter analysis are given in the table below. 



8 



EP 0 604 369 A1 



Contact Lenses 


Lysozyme Protein Deposit Amount 


prior art 
Example 3 


1.51 
0.13 



The amount of lysozyme protein deposited on the instant contact lenses of Example 3 is only about 10% 
of the amount of protein deposited on the prior art contact lenses which do not contain any of components (b) 
and (c) in their composition. 

This is a clinically significant reduction in the protein deposition proclivity of the instant contact lenses com- 
pared to those of the prior art. 



Claims 

1. Acopolymer, having good oxygen permeability, good antimicrobial properties and good resistance to pro- 
teinaceous deposition, which comprises the copolymerization product of 

(a) 65 to 97.9 % by weight, based on the total copolymer, of a hydrophilic monomer selected from the 
group consisting of the hydroxy substituted 0 1 -C i4 alkyl acrylates or methacrylates, acrylamide, metha- 
crylamide, N-C r C 2 alkylacrytamide or met hacryl amide, N^-di-Ci-C^alkyiacrylamide or methacryla- 
mide, ethoxylated acrylates or methacrylates, hydroxy substituted C 1 -C 4 alkyl acrylamide or methacry- 
lamide, hydroxy substituted C 1 -C 4 alkyl vinyl ethers, sodium ethylenesulfonate, sodium styrenesulfon- 
ate, 2-acryIamido-2-methylpropanesulfonic acid, N-vinyl-2- pyrrol idone, N-vinylsuccinimide, N-vinyl- 
pyrrole, 2- and 4-vinyl pyridine, acrylic acid, methacryiic acid, amino-, Ct^alkylamino- or C 1 -C 4 dia- 
Ikylamino- substituted C r C 4 alkyl acrylates or methacrylates, allyl alcohol and mixtures thereof, 

(b) 20 to 1 % by weight, based on the total copolymer, of a monomer of formula I, II or III 

CH 2 =C(R)-COO-T-[OCH 2 CH(G)] n OH (I) 



CH 2 =CH — \_jr~ Q - [CHjCHCOO]^ (II) 
CH 2 =C(R)-CONH-T-tOCH 2 CH(G)] n NH 2 (III) 

where 

G is hydrogen or methyl, 
n is 2 to 20 

T is alkyiene of 2 to 4 carbon atoms, and 
R is hydrogen or methyl, 
Q is a direct bond or -O, 

(c) 20 to 1 % by weight, based on the total copolymer, of a quaternary ammonium monomer of formula 
IV, V, VI or VII or a mixture thereof 

CH 2 =C(R)-COO-L-N + (E 1 )(E 2 )(E3) X" (IV) 
CH 2 =C(R)-COO-CH 2 CH r NHCOO-L-N + (E 1 )(E 2 )(E 3 ) X- (V) 
CH^R^ONHCHzCHrNrCEOCE^E^X- (VI) 




(vn) 



where 

R is hydrogen or methyl, 

L is alkyiene of 2 to 4 carbon atoms, 

E 1t E 2 and E 3 are independently alkyl of 1 to 18 carbon atoms, or one of E 1f E 2 and E 3 is phenylalkyl 
of 7 to 9 carbon atoms, and the remaining two of Ei , E 2 and E 3 are independently alkyl of 1 to 1 8 carbon 
atoms, and 
X- is halide, 
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(d) 5 to 0.1 % by weight, based on the total copolymer, of a crosslinking agent selected from the group 
consisting of allyl methacrylate, diallyl itaconate, monoallyl Itaconate, diallyl maleate, diallyl fumarate, 
diallyl succinate, diallyl phthalate, triailyl cyanurate, triallyl isocyanurate, diethylene glycol bisallyl car- 
bonate, triallyl phosphate, triallyl trimellitate, diallyl ether, N.N-diaJlylmelamine, divinyl benzene, N,N'- 
methylene-bis-acrylamide, ethylene glycol di methacrylate, neopentyl glycol dimethacrylate, tetra- 
ethylene glycol dimethacrylate, N,N'-hexamethylene-bis-maleimide, divinyl urea, bis phenol A dime- 
thacrylate, divinyl adipate, glyceryl trimethacrylate, trimethylolpropane triacrylate, trivinylmellitate, 
1,3-bis(4-methacryloxybutyl) tetramethyl disiloxane, divinyl ether and divinyl sulfone. 

2. A copolymer according to claim 1 where the hydrophilic monomers of component (a) are 2-hydroxyethyl 
acryiate, 2-hydroxyethyl methacrylate, acrylamide, methacrylamide, N.N-dimethylacrylamide, allyl alco- 
hol, 2- or 4-vinyl pyridine, N-vinyl-2-pyrrolidone, 2,3-dihydroxypropyI methacrylate orN-(1,1-dimethyl-3- 
oxobutyl)-acrylamide. 

3. Acopolymer according to claim 2 where the hydrophilic monomer of component (a) is 2-hydroxyethyl me- 
thacrylate, N-vinyl-2-pyrrolidone, acrylamide or N,N-dimethylacrylamide. 

4. A copolymer according to claim 1 where in the monomer of formula I of component (b) 
G is hydrogen or methyl, 

R is hydrogen or methyl, 
n is 4 to 12, and 
T is ethylene. 

5. A copolymer according to claim 4 where in the monomer of formula I of component (b) 
G is hydrogen, 

R is methyl, 
n is 4 to 8, and 
T is ethylene. 

6. A copolymer according to claim 1 where in the monomer of formula IV, V, VI or VII of component (c) 
R is hydrogen or methyl, 

L is ethylene, tri methylene or propylene (1 ,3- or 1 ,2-propylene), 
E 1t E 2 and E 3 are independently alkyl of 1 to 18 carbon atoms, and 
X" is Q" or Br. 

7. A copolymer according to claim 6 where in the monomer of formula IV, V, VI or VII of component (c) 
R is methyl, 

L is ethylene, 

E 1 is alkyl of 1 to 18 carbon atoms, 
E 2 and E 3 are each methyl, and 
X- is cr. 

8. A copolymer according to claim 1 where the crosslinking monomer of component (d) is ethylene glycol 
dimethacrylate, neopentyl glycol dimethacrylate, tetraethylene glycol dimethacrylate, glyceryl trimetha- 
crylate or trimethylolpropane triacrylate. 

9. A copolymer according to claim 8 where the crosslinking monomer of component (d) is ethylene glycol 
dimethacrylate, neopentyl glycol dimethacrylate or tetraethylene glycol dimethacrylate. 

10. A copolymer according to claim 1 which additionally comprises the copolymerization product of compo- 
nent (e) of 0 to 20% by weight, based on the total copolymer, of a hydrophobic monomer selected from 
the group consisting of to C 18 alkyl acrylates and methacrylates, 63 to C 18 acrylamides and methacry- 
lamides, acrylonitrile, Cs-C 12 cycloalkyi acrylates and methacrylates, methacrylonitrile, vinyl C, to C 18 al- 
kanoates, C 2 to C 18 alkenes, C 2 to C 18 haloaIkenes, styrene, C t to C 6 alkylstyrenes, vinyl alkyl ethers where 
the alkyl is 1 to 6 carbon atoms, C r C 12 perfluoroalkylethyI thiocarbonyJaminoethyl acrylates and metha- 
crylates, C3-C 12 fluoroalkyl acrylates and methacrylates, acryloxy and methacryloxy alkyl siloxanes, N- 
vinylcarbazole and C r C 12 alkyf esters of maleic, fumaric, itaconic and mesaconic acid. 

11. A copolymer according to daim 10 wherein component (e) is methyl methacrylate, styrene or vinyl acet- 
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ate. 

12. A copolymer according to claim 1 which is an ophthalmic acceptable device. 
5 13. A copolymer according to claim 1 2 which is a contact lens or an intraocular lens. 
14. A copolymer according to claim 13 which is a contact lens. 
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